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The presence of multiple ion species can add additional branches to the IAW dispersion relation
and change the Landau damping significantly. Different IAW modes excited by stimulated Brillouin
scattering (SBS) and different SBS behaviors in several typical ignition hohlraum plasmas in the
high-temperature and high-density region have been researched by Vlasov-Maxwell simulation. The
slow mode in HeH or CH plasmas is the least damped mode and will be excited in SBS, while the
fast mode in AuB plasmas is the least damped mode and will be excited in SBS. Due to strong
Landau damping, the SBS in H or HeH plasmas is strong convective instability, while the SBS
in AuB plasmas is absolute instability due to the weak Landau damping. However, although the
SBS in CH plasmas is weak convective instability in the linear theory, the SBS will transform into
absolute instability due to decreasing linear Landau damping by particles trapping. These results
give a detail research of the IAW modes excitation and the properties of SBS in different species
plasmas, thus providing the possibility of controlling SBS by increasing the linear Landau damping
of the IAW by changing ion species.
PACS numbers: 52.38.Bv, 52.35.Fp, 52.35.Mw, 52.35.Sb
I. INTRODUCTION
Backward stimulated Brillouin scattering (SBS) is a
three-wave interaction process where an incident elec-
tromagnetic wave (EMW) decays into a backscattered
EMW and a forward propagating ion-acoustic wave
(IAW). Backward SBS leads to a great energy loss of
the incident laser and is detrimental in inertial confine-
ment fusion (ICF) [1–3], including indirect-drive ignition
[4, 5], direct-drive ignition [6, 7], shock ignition [8, 9], and
hybrid-drive ignition [1] with a spherical hohlraum [10–
13] where indirect-drive and direct-drive processes are
combined. Therefore, SBS plays an important role in
the successful ignition goal of ICF. Multiple ion species
are contained in the laser fusion program [5, 14–16]. In
the indirect-drive ICF, the inside of hohlraum will be
filled with low-Z plasmas, such as H or HeH plasmas,
from the initial fill material; low-Z and mid-Z mixing
plasmas, such as CH plasmas from the ablated material
off the capsule; and high-Z mixed with mid-Z plasmas,
such as AuB plasmas, blowoff from the hohlraum wall
surfaces [17–19]. Understanding the IAW modes exci-
tation or growth and the SBS saturation mechanisms in
these different plasmas is vitally necessary to predict SBS
laser energy losses and to improve the energy coupling
into the fusion capsule. The presence of multi-ion species
can add additional branches to the IAW dispersion rela-
tion and change the total Landau damping significantly,
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which may provide the possibility of controlling SBS by
increasing the linear damping of the IAW [14, 15]. In
this paper, the different IAW modes excited in SBS in
different species plasmas have been demonstrated, the
theoretical results are consistent to the simulations very
well. There exists only one group of modes in the single-
ion species plasmas, such as H plasmas; while there exist
two groups of modes in multi-ion species plasmas called
“the fast mode” and “the slow mode” [20, 21]. The least
damped IAW mode in HeH or CH plasmas is the slow
mode, while the least damped mode in AuB plasmas is
the fast mode. And the kinetic theory and Vlasov simu-
lation unambiguously clarify that the least damped mode
will be excited and of the largest growth rate in SBS.
Many methods for the saturation of SBS have been
proposed, including increasing linear Landau damping
by kinetic ion heating [22, 23], the creation of cavitons
in plasmas [24–27], frequency detuning due to particles
trapping [19, 28–30], coupling with higher harmonics
[31, 32], and so on. However, the accurate modes anal-
yses of IAWs exited by SBS and the features of SBS in
different species plasmas call for deep research. In this
paper, for different species ignition hohlraum plasmas, we
find that the SBS will appear different behaviors. Due to
strong Landau damping in H or HeH plasmas, the SBS is
the strong convective instability, while the SBS in AuB
plasmas is the absolute instability due to the weak Lan-
dau damping of the fast mode in AuB plasmas. However,
although the SBS in CH plasmas is weak convective insta-
bility in linear theory, the large IAW excited by strong
SBS will trap particles, which will flatten the particles
distribution around the IAW phase velocity and decrease
2the linear Landau damping of IAW [20, 33], therefore,
the weak convective instability will transform into the
absolute instability. The strong convective SBS can be
controlled by increasing the linear Landau damping of
IAW [14, 15]. While the absolute SBS or the weak con-
vective SBS should be controlled by the nonlinear satura-
tion mechanisms, such as particles trapping, harmonics
trapping, nonlinear frequency shift, wave breaking and
so on.
This paper is organized as follows: In Sec. II, the ki-
netic theoretical analyses of IAW modes and SBS key
feature parameters in different species plasmas are given.
In Sec. III, the simulation by Vlasov-maxwell code is
carried out to verify the kinetic theoretical analyses of
IAW modes excited by SBS in different species plasmas.
Then our simulations research the different SBS behav-
iors in different species ignition hohlraum plasmas in the
high-temperature and high-density region. At last, the
nonlinear behaviors in CH and AuB plasmas have been
researched. In Sec. IV, the main conclusions are given.
II. THEORETICAL ANALYSIS
A. Modes analysis of ion-acoustic wave in
stimulated Brillouin scattering
In the stimulated Brillouin scattering (SBS) pro-
cess, the pump light (EMW0) will resonantly decay
into an IAW and an inverse scattering EMW (denoted
as EMWs), the three waves satisfy the energy and
momentum conservation, i.e., SBS: EMW0[~k0, ω0] →
EMWs[~ks, ωs] + IAW [~kA, ωA], where [~ki, ωi] are the
wave vectors and the frequencies of the corresponding
waves. The matching condition of the three waves in the
SBS is:
~k0 = ~ks + ~kA, ω0 = ωs + ωA. (1)
Because ωA ≪ ω0, and the direction of the wave vectors
of the pump light and the scattered light are inverse for
backward SBS discussed here, Eq. (1) can be written as:
ks ≃ −k0, kA ≃ 2k0. (2)
From the dispersion relation of EMW0:
ω20 = ω
2
pe + k
2
0c
2, (3)
one can obtain the wave number of the pump light k0 in
a given plasmas:
k0λDe =
vte
c
√
nc/ne − 1, (4)
where vte =
√
Te/me is the electrons thermal velocity,
ne, Te,me is the density, temperature and mass of the
electron. Thus, from Eqs. (2) and (4), one can obtain
kAλDe ≃ 2vte
c
√
nc/ne − 1. (5)
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FIG. 1. (Color online) Contours of solutions to the fast and
slow IAW mode dispersion relations of (a) H2, (b) HeH, (c)
CH and (d) AuB plasmas. Assuming that all the atoms are
fully ionized. The conditions are: Te = 5keV , Ti = 0.5Te,
ne = 0.3nc, and kAλDe = 0.3.
The linear kinetic theory of ion acoustic wave in a ho-
mogeneous, non-magnetized plasma consisting of multi-
species ions is considered. Considering fully ionized, neu-
tral, unmagnetized plasmas with the same temperature
of all ion species (TH = TC = Ti), the linear frequencies
and Landau damping of the plasmas are then given by the
zeros of the plasma dielectric function, i.e., ǫ(k, ω) = 0,
which gives the linear dispersion relation of the ion acous-
tic wave in multi-ion species plasmas
ǫL(ω, k = kA) = 1 + χe +
∑
β
χiβ = 0, (6)
where χe is the susceptibility of electron and χiβ is the
susceptibility of ions β. χj (j present for electron or ion)
can be expressed by Z function
χj =
1
(kλDj)2
(1 + ξjZ(ξj)), (7)
where a Maxwellian velocity distribution for all species
is assumed. ξj = ω/(
√
2kvtj) is generally complex, ω =
Re(ω)+ iIm(ω), k is the frequency and the wave number
of the given mode (such as the fast or slow IAW mode).
vtj =
√
Tj/mj (Tj , mj are the temperature and the mass
of particle j) is the thermal velocity of particle j. λDj
is the Debye length λDj =
√
Tj/4πnjZ2j e
2, i.e., λDj =
vtj/ωpj (ωpj =
√
4πnjZ2j e
2/mj is the plasma frequency
for specie j). Z function is the dispersion function
Z(ξj) =
1√
π
∫ +∞
−∞
e−v
2
v − ξj dv = i
√
πe−ξ
2
j (1 + erf(iξj)),
(8)
3in which erf(iξj) = 2/
√
π
∫ iξj
0
e−η
2
dη is the error func-
tion, ξj is a complex variable. A newly developed accu-
rate algorithm showed by M. R. Zaghloul [34] is taken
to calculate the Faddeyeva (plasma dispersion) function
ω(z) = e−z
2
(1 + erf(iz)) (where z = x+ iy is a complex
variable).
Under the condition of Te = 5keV , ne = 0.3nc, one can
obtain the wave number of the IAW kAλDe = 0.3 from
Eq. (5). By solving Eq. (6), the contours of solutions of
the IAWs in four typical plasmas are shown in Fig. 1 un-
der the condition of Ti = 0.5Te, kAλDe = 0.3. Although
there are infinite solutions of the IAW as shown in Fig.
1, the mode with the least Landau damping (|Im(ω)|)
will be preferentially excited in SBS. There exists only
one group of modes in H plasmas as shown in Fig. 1(a),
while there exist two groups of modes called “the fast
mode” and “the slow mode” in multi-ion species plas-
mas as shown in Figs. 1(b)-1(d). Here, the fast mode
and the slow mode refer to the least damped modes be-
longing to each class of mode. In H plasmas, the least
damped mode is called “mode 1” because there is no fast
mode or slow mode branches. The least damped mode in
HeH or CH plasmas under the condition of Ti/Te = 0.5
is the slow mode, while the least damped mode in AuB
plasmas is the fast mode. The parameters of the least
damped modes in different species plasmas are listed in
Table I.
B. Absolute and convective condition for
stimulated Brillouin scattering
Assuming the plasmas are local uniform, the standard
linear one-dimensional SBS three-waves interaction equa-
tions in homogenous plasmas are [35–37]
(
∂
∂t
+ vg0
∂
∂x
+ ν0)A0(x, t) = −i πe
2
ω0me
δnAAs, (9)
(
∂
∂t
− vgs ∂
∂x
+ νs)As(x, t) = −i πe
2
ωsme
δn∗AA0, (10)
(
∂
∂t
+ vgA
∂
∂x
+ νA)δnA(x, t) = −i Z¯inee
2k2A
4ωAmem¯ic2
A0A
∗
s ,
(11)
where A0(x, t), As(x, t) and δnA(x, t) are the complex
amplitudes of the vector potentials for the pump light,
SBS backscattering light, and perturbation of the elec-
tron density ne with the frequency ωA from IAW. And
vgi, νi, ωi are the group velocities, damping rates and
frequencies of the pump light (i = 0), SBS scattering
light (i = s), and IAW (i = A). Assuming that the ions
average mass and average charge number are m¯i and Z¯i.
Following Hao et al. [36, 38], one can obtain the usual
SBS threshold γthB =
√
νAνs and the threshold of abso-
lute SBS instability is
γaB =
√
vgsvgA/4(νs/vgs+νA/vgA) ≃ 1
2
νA
√
vgs
vgA
, (12)
in general, νs/vgs ≪ νA/vgA, thus νs/vgs can be ne-
glected. The condition for convective SBS is [37]
γthB < γ0B < γaB, (13)
where
γ0B =
1
4
√
ne
nc
v0
vte
√
ω0ωA (14)
is the maximum temporal growth rate of SBS [5, 16],
v0 = eA0/mec is the electrons quiver velocity. Thus, the
parameter νA/(2γB) ≡ 1/2 ∗ νA/γ0B ∗
√
vgs/vgA can be
taken as an important factor to decide convective SBS
or absolute SBS. If νA/(2γB)≫ 1, the SBS is the strong
convective instability, such as SBS in H2 or HeH plasmas
in our simulation. If νA/(2γB) is not much larger than 1,
the SBS is the weak convective instability, such as SBS in
CH plasmas in our simulation. If νA/(2γB) < 1, the SBS
is the absolute instability, such as SBS in AuB plasmas in
our simulation. The gain of SBS is then given by [5, 16]
GB = 2
γ20B
νAvgs
L =
1
8
v20
v2te
ne
nc
ωA
νA
ω0
vgs
L, (15)
where vgs = c
2ks/ωs is the group velocity of SBS scat-
tering light, L is the plasmas density scale length, ωA ≡
Re(ω) and νA ≡ |Im(ω)| are the frequency and Landau
damping of IAW, which are listed in Table I. The colli-
sion damping of IAW can be neglected since the electrons
temperature is as high as Te = 5keV in our simulation,
thus only the Landau damping of IAW is considered.
Because GB ∝ ωA/νA ≡ |Re(ω)/Im(ω)|, in the same
specie plasmas, the IAW mode with the least Landau
damping |Im(ω)/Re(ω)| will produce the largest gain
and will increase most quickly in SBS. Thus, in gen-
eral, the least damped mode will be excited in SBS. In
HeH, H, CH and AuB plasmas, with the Landau damp-
ing |Im(ω)/Re(ω)| of IAW decreasing, the gain of SBS
will increase obviously. Especially, the SBS in AuB plas-
mas is absolute instability with the gain GB = 48.5 since
the Landau damping of the fast mode in AuB plasmas is
very weak. Under the strong damping condition, such as
H or HeH plasmas, the SBS is strong convective instabil-
ity with the gain GB ∼ 2− 4. Under the strong damping
condition νA/γ0B ∗
√
vgs/vgA ≫ 1 [37], one can get the
Tang model [39] from Eqs. (9)-(11):
R(1−R) = ǫ{exp[GB(1−R)]−R}, (16)
where R = Is(x = 0)/I0(x = 0) is the reflectivity
of SBS at the left boundary (incident boundary), and
ǫ = Is(x = L)/I0(x = 0) is the boundary condition
of the backscattering light wave at the right boundary
(transmitting boundary), which is called seed light. If
R ≪ 1, the Tang model can be approximate to the seed
amplification equation:
Is(x = 0)/Is(x = L) = exp(GB), (17)
4TABLE I. The IAW parameters and convection or absolute instability parameters of SBS in different plasmas. Assuming that
all the atoms are fully ionized. The conditions are: Te = 5keV , Ti = 0.5Te, ne = 0.3nc, kAλDe = 0.3, and I0 = 3×10
15W/cm2.
Plasmas
Theory
Simulation
IAWa SBS
Re(ω)/(10−3ωpe) Re(ω)/(10
−3ω0) Im(ω)/(10
−3ωpe) Im(ω)/Re(ω)
b ωs/ω0 νA/(2γB)
c GB ωs/ω0
H2
d 11.6 6.35 -3.13 -0.270 0.99365 6.99 3.67 0.9936
HeH 6.67 3.65 -2.28 -0.342 0.99635 8.85 2.90 0.9963
CH 5.12 2.80 -0.49 -0.096 0.99720 2.48 10.37 0.9972
AuB 4.40 2.41 -0.09 -0.020 0.99759 0.53 48.50 0.9975
a The IAW refers to the least damped mode.
b Re(ω) ≡ ωA, |Im(ω)| ≡ νA.
c νA/(2γB) : 1/2 ∗ νA/γ0B ∗ (
√
vgB/vgA).
d H2 refers to H plasmas.
where Is(x = 0), Is(x = L) are the intensity of the SBS
scattering light at the left boundary and the seed light at
the right boundary. Below, the intensity of the incident
light I0(x = 0) and the seed light Is(x = L) are denoted
as I0 and Is.
III. NUMERICAL SIMULATION
An one dimension in space and one dimension in ve-
locity (1D1V) Vlasov-Maxwell code [40–42] is used to
research the SBS behavior in typical ignition hohlraum
plasmas. We choose the high-temrature and high-density
region as an example, the electrons temperature and elec-
trons density are Te = 5keV , ne = 0.3nc, where nc is the
critical density for the incident laser [41]. The electrons
density is taken to be higher than 0.25nc, thus the stimu-
lated Raman scattering and two-plasmon decay instabil-
ity [43, 44] are excluded. The H, HeH, CH and AuB plas-
mas are taken as typical examples for they are common
in ICF [1, 3]. The ions temperature is Ti = 0.5Te. The
linearly polarized laser intensity is I0 = 3 × 1015W/cm2
with wavelength λ0 = 0.351µm. The spatial scale is [0,
Lx] discretized with Nx = 5000 spatial grid points and
spatial step dx = 0.2c/ω0. And the spatial length is
Lx = 1000c/ω0 ≃ 160λ0 with 2 × 5%Lx vacuum layers
and 2 × 5%Lx collision layers in the two sides of plas-
mas boundaries. The plasmas located at the center with
density scale length L = 0.8Lx are collisionless. The in-
cident laser propagates along the x axis from the left to
the right with outgoing boundary conditions. The strong
collision damping layers are added into the two sides of
the plasmas boundaries (2× 5%Lx) to damp the electro-
static waves such as IAWs at the boundaries and decrease
the effect of sheath field. The electrons velocity scale
[−0.8c, 0.8c] and the ions velocity scale [−0.03c, 0.03c] are
discretized with 2Nv+1 (Nv = 512) grid points. The to-
tal simulation time is tend = 6× 104ω−10 discretized with
Nt = 3× 105 and time step dt = 0.2ω−10 .
Figure 2 shows the spectra of the SBS scattering
lights in the cases of H, HeH, CH, and AuB plasmas.
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FIG. 2. (Color online) The frequency spectra of scattering
light in four cases: (a) H2, (b) HeH, (c) CH, and (d) AuB
plasmas. The parameters are ne = 0.3nc, Te = 5keV, I0 =
3×1015W/cm2 as the same as Fig. 1. The seed light intensity
is Is = 1×10
−4I0 and with the matched frequency calculated
by theory in Table I.
The peak frequecy of scattering light in H plasmas is
ωs = 0.9936ω0, which is consistent to the theoretical fre-
quency of SBS of mode 1 in H plasmas as shown in Table
I. In HeH, CH, AuB plasmas, the peak frequencies of SBS
scattering lights are ωs/ω0 = 0.9963, 0.9972, 0.9975 re-
spectively, which are consistent to the theoretical values
ωs/ω0 = 0.99635, 0.99720, 0.99759. However, the least
damped mode in HeH or CH plasmas is the slow mode
in our simulation, while the least damped mode in AuB
plasmas is the fast mode. These simulations verify that
the theoretical IAW frequencies calculated in part II A
are accurate both for the single-ion species and multi-ion
species plasmas. The least damped IAW mode will get
the largest gain as shown in Eq. (15), thus the SBS in
HeH or CH plasmas is from the slow mode, while the
SBS in AuB plasmas is from the fast mode. Although
the seed light with the least damped mode frequecy is
taken to promote SBS here, we have also tested the cases
without seed light (not shown here), no matter whether
the seed light is added or not, the conclusions are not
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FIG. 3. (Color online) The SBS reflectivity in the frequency
scope [0.9ω0, 0.999ω0] for the four plasmas: (a) H2, (b) HeH,
(c) CH, and (d) AuB plasmas. The weak reflected light with
frequency of ω0 is filtered from the backward scattering lights.
In case (a) H2, the seed light intensity is Is = 1×10
−6I0, while
(b)-(d): Is = 1× 10
−4I0.
affected except that the spectra amplitudes are different
especially in H or HeH plasmas.
Figure 3 gives a snapshot of the SBS reflectivity in the
typical four plasmas. For H or HeH plasmas, νA/2γB ≫
1, the SBS is strong convective instability, and the gain
of SBS is as low as 2 − 4 as shown in Table I. Thus,
the SBS reflectivity in H or HeH plasmas is very low
if the seed light intensity ǫ = Is/I0 = 1 × 10−6 or
1 × 10−4. Because R ≪ 1 in the cases of H or HeH
plasmas, the gain of SBS can be calculated from Eq.
(17). Taking H plasmas as an example, the gain is
GB ≃ ln(R/ǫ) ≃ ln(8 × 10−6/(1 × 10−6)) = 2.08, which
is slightly lower than the theoretical value GB = 3.67.
Maybe the reason is that the resonance length in the sim-
ulation is shorter than the plasmas density scale length.
For CH plasmas, νA/(2γB) = 2.48 is not much larger
than 1, the SBS is weak convective instability. Because
the gain of SBS GB = 10.37 is large, the SBS will excite
strong IAW. The strong IAW will trap ions or electrons
as shown in Fig. 4, thus the linear Landau damping of
IAW will be decreased due to particles flatting around
the IAW phase velocity [20, 33]. The convective parame-
ter νA/(2γB) will decrease below 1, the weak convective
instability will transform into absolute instability. How-
ever, for AuB plasmas, νA/(2γB) = 0.53 < 1, the SBS
is absolute instability, and the gain of SBS GB = 48.5 is
very large, thus the SBS will increase quickly and sat-
urate at the later time as shown in Fig. 3(d). The
nonlinear saturation mechanisms mainly include particles
trapping, harmonics generation and nonlinear frequency
shift, which will be discussed in detail below.
Figure 4 demonstrates the phase pictures of ions in CH
and AuB plasmas. Due to ions trapping, it will produce
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FIG. 4. (Color online) The distributions of (a) H ions, (b) C
ions in CH plasmas and (c) B ions, (d) Au ions in AuB plas-
mas at the time of ω0t = 60000. The black dashdotted lines
are the phase velocities of slow IAW mode for CH plasmas in
(a) (b), and fast IAW mode for AuB plasmas in (c) (d).
two effects: (1) the linear Landau damping will be de-
creased [20], which will increase the SBS gain; (2) the
IAW frequency will shift [45], which will decrease the
SBS by detuning the SBS three-waves matching. Thus
the trapping effect will first increase the SBS by decreas-
ing the IAW Landau damping and then saturate the SBS
by nonlinear frequency shift (NFS). The trapping effects
on SBS have been researched in detail by Williams et al.
[46]. Since the least damped mode in CH plasmas is the
slow mode while the least damped mode in AuB plas-
mas is the fast mode, the slow IAW mode in CH plasmas
and the fast IAW mode in AuB plasmas will be excited
through SBS. The black dashdotted lines represent the
phase velocities of the slow mode in CH plasmas and the
fast mode in AuB plasmas. We can see that the ions
will be trapped around the IAW phase velocity. Due to
large IAW amplitude in AuB plasmas, the trapping ef-
fect will lead to an obvious nonlinear frequency shift as
shown in Fig. 4(c). Since the fast mode phase velocity
vφ = Re(ω)/kA is nearly 12 times the Au ions thermal ve-
locity vtAu =
√
TAu/mAu, the number of Au ions around
the fast mode phase velocity is very small thus Au ions
can nearly not be trapped by the fast IAW mode. How-
ever, the slow IAW phase velocity in CH plasmas is nearly
3.6 times the C ions thermal velocity and nearly equals
to the H ions thermal velocity, thus the slow IAW mode
can trap both the C ions and H ions in CH plasmas.
In addition to the particles trapping, the harmonics
generation of IAW is also an important saturation mech-
anism of the SBS. As shown in Fig. 5, only the funda-
mental IAW mode will resonantly couple with the pump
light to produce the scattering light, while the harmonics
such as the second harmonic and the third harmonic of
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FIG. 5. (Color online) The dispersion relation of (a), (b)
transverse electric field Ey of light and (c), (d) longitudinal
electrostatic field Ex of IAW. (a), (c): CH plasmas; (b), (d):
AuB plasmas. The red dashed lines are the EMW dispersion
relations in (a) and (b), and the pink dashed lines are the
IAW dispersion relations in (c) and (d).
IAW do not satisfy the three-waves matching condition.
The fundamental IAW mode energy will transfer a part
to the harmonics so that the fundamental IAW mode
amplitude and SBS will be decreased due to harmonics
generation. On the other hand, the harmonics genera-
tion will also lead to the fluid nonlinear frequency shift
of nonlinear IAW [21, 45, 47], thus the fluid NFS due to
harmonics generation will detune the SBS and saturate
the SBS. In our simulation, kAλDe = 0.3 is in the kinetic
region, thus the kinetic NFS due to particles trapping
will dominate in the total NFS [45] and determine the
saturation of SBS. For AuB plasmas, since the Landau
damping of the IAW is very low and the gain of SBS
is very high, the SBS is very strong and produce very
strong IAW. The very strong IAW will produce strong
harmonics and large trapping width (∆vtr = 2
√
qiφ/mi,
φ is the IAW electric potential) [47]. Thus the positive
NFS of IAW mainly from particles trapping is obvious as
shown in Fig 5(d), so that the scattering light frequency
of SBS will appear a negative shift as shown in Fig. 5(b).
The wave number spectra and harmonics evolution
with time are demonstrated in Fig. 6. In the early stage
of SBS, such as t = 20000ω−10 , the harmonics are discrete
as shown in the wave number spectra of Ex. However,
in the late stage of SBS, such as t = 60000ω−10 , the har-
monics in CH plasmas keeps discrete as shown in the
upper panel of Fig. 6(a), while the harmonics in AuB
plasmas are widened and appear continuous spectra as
shown in the upper panel of Fig. 6(b), which is con-
sistent to the spectra in Figs. 5(c) and 5(d). Because
the Landau damping of the fast mode in AuB plasmas is
much lower than the slow mode in CH plasmas as shown
in Table I, the IAW amplitude in AuB plasmas develops
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FIG. 6. (Color online) The wave number spectra (up-
per panel) and corresponding harmonics evolution with time
(lower panel) of electrostatic field Ex for (a) CH plasmas and
(b) AuB plasmas. Where the wave number scales of the fun-
damental mode, the first, second, third harmonics are k1 ∈
[0.8, 2.4]ω0/c, k2 ∈ [2.4, 4.0]ω0/c, k3 ∈ [4.0, 5.6]ω0/c, k4 ∈
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quicker than in CH plasmas as shown in the lower panels
of Figs. 6. The turbulence would be easier to occur in
the large IAW amplitude in AuB plasmas, which leads to
the widening of IAW spectra. Although the fundamental
mode and harmonics in AuB plasmas are stronger than
that in CH plasmas, the spectra broadening in AuB plas-
mas will lead to larger energy dissipation of the funda-
mental IAW mode. Thus the harmonics energy dissipa-
tion and spectra broadening are also important factors
to saturate SBS especially for the absolute instability.
To verify that the SBS in H or HeH plasmas is indeed
convective instability and the SBS in CH or AuB plasmas
is absolute instability, the spatial evolution of the funda-
mental IAW mode is shown in Fig. 7. Since the SBS
in H or HeH plasmas satisfies strong damping condition
νA/γB ≫ 1, the SBS in H or HeH plasmas is strong con-
vective instability. As shown in Figs. 7(a) and 7(b), the
fundamental IAWmode appears the feature of convective
instability. Due to the continuous seed light, the funda-
mental IAW mode oscillates in the given space region
with the time. For CH plasmas, since νA/γB is not much
larger than 1 and the SBS gain GB = 10.37 is large,
the SBS is weak convective instability in linear theory.
However, due to particles trapping by IAW generated by
strong SBS (as shown in Figs. 4(a) and 4(b)), the linear
Landau damping of IAW will be decreased [20, 33] after
several ion bounce time τbi = 2π/
√
kAqiEx/mi. When
the Landau damping of IAW in CH plasmas decreases to
the level that the absolute instability condition is satis-
fied, i.e., νA/(2γB) < 1, the SBS will transform to ab-
solute instability. In our simulation, there indeed exists
obvious particles trapping around the IAW in CH plas-
mas as shown in Figs. 4(a) and 4(b), the IAW appears
the features of absolute instability. That is to say, in ev-
ery space position, the IAW amplitude will increase with
time as shown in Fig. 7(c). For AuB plasmas, the initial
condition νA/(2γB) < 1, thus the SBS in AuB plasmas
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FIG. 7. (Color online) The spatial distribution of fundamental
IAW mode electric field at different time for (a) H2, (b) HeH,
(c) CH and (d) AuB plasmas. The parameters are the same
as Fig. 3.
is absolute instability and the SBS gain GB = 48.5 is
very large. As a result, the IAW amplitude in AuB plas-
mas increases more quickly than that in CH plasmas as
shown in Figs. 7(c) and 7(d). When t >∼ 30000ω−10 , the
amplitude of the IAW near the left boundary reaches as
large as Ex ≃ 1× 10−3meω0c/e, maybe the wave break-
ing limit is reached so that the IAW amplitude can not
be increased further, as a result, the local IAW ampli-
tude near the left boundary decreases rapidly. That is
also a main reason for the SBS saturation in the late
stage of SBS. However, before reaching the wave break-
ing limit, the IAW appears obvious features of absolute
instability as shown in Fig. 7(d). For example, before
t ≃ 30000ω−10 , in every space position the IAW ampli-
tude will increase with time. And except for the wave
breaking region near the left boundary, for example, in
the space region x ∈ [300, 800]c/ω0, the IAW amplitude
will also increase with time.
IV. SUMMARY
In conclusions, there exists only one group of modes
in H plasmas, while there exist two groups of modes in
multi-ion species plasmas. In our simulation, the least
damped mode in HeH or CH plasmas is the slow mode,
while the least damped mode in AuB plasmas is the fast
mode, the least damped mode will be excited preferen-
tially in SBS. Different instability features of SBS in the
high-temperature and high-density region in H (or HeH)
plasmas, CH plasmas, AuB plasmas have been analyzed.
In H or HeH plasmas, the SBS is strong convective insta-
bility due to the strong Landau damping. In AuB plas-
mas, the SBS is absolute instability due to the weak Lan-
dau damping. While in CH plasmas, although the SBS
is weak convective instability, since the linear Landau
damping will be decreased by particles trapping, the SBS
in CH will transform to absolute instability and the SBS
behavior appears the absolute instability features. Sev-
eral nonlinear saturation mechanisms such as particles
trapping, harmonics generation and nonlinear frequency
shift are also demonstrated to explain the saturation of
absolute SBS. These results give a guidance to the IAW
modes excited by SBS and different SBS behaviors in dif-
ferent species plasmas especially in the high-temperature
and high-density region and provide the possibility to
control SBS by changing ion species.
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